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Analysis of Mutational Patterns Associated with Response to Lopinavir/ritonavir in Multi

ABSTRACT

Background: In multiple Pl-experienced, NNRTI-naive subjects, virologic response to lopinaviriritonavir (lopinaviri) plus efavirenz and NRTIs was significantly
higher at Week 48 in those subjects with a baseline lopinavir mutation score of <5 (21/23, 9196) than in those with a baseline lopinavir mutation score of 26 (17/27,
639%; p=0.024). In order to investigate mutational patterns associated with virologic failure, baseline characteristics of subjects with 26 baseline mutations were
examined.

Methods: Viral phenotype was determined using a single cycle recombinant assay. Genotype was determined by population sequencing. Virologic response was
defined as plasma HIV RNA <400 copies/mL. (dropouts as censored). The Wilcoxon rank sum test was used for univariate analysis of baseline parameters.

Results: All (10/10) of the baseline isolates from subjects failing therapy with lopinavir mutation score 26 had mutations at positions 82, 54 and 10 plus a median
of 4 additional PI mutations. This pattern was associated with lower response (p=0.0017). However, an equal number of subjects who experienced response
through Week 48 also had mutations at positions 82, 54 and 10 plus a median of 4 additional PI mutations. Within this group of 20 subjects, baseline fold
susceptibilit to lopinavir (median 51- and 16-fold, respectively) was a univariate predictor of response (p=0.014), suggesting that in viruses carrying multple, but
similar numbers of mutations, phenotype provides additional information above genotype. In the absence of a mutation at position 82, virologic response at
Week 48 was observed in 14/15 subjects with a baseline L90M mutation (6/6 with baseline 184V/LI0M).

Conclusions: A pattern containing PI mutations at positions 82, 54, 10 plus multiple other mutations at baseline is associated with increased risk of failure of
lopinavirfr therapy in multiple Pl-experienced subjects. However, with complicated baseline genotypes of 26 mutations, viral phenotype may provide additional
predictive power over genotype. In contrast to the above pattern containing a mutation at position 82, mutations at positions 84 and/or 90 in the context of other
mutations are not predictive of failure.

BACKGROUND

Lopinavir/ritonavir (LPV/r, Kaletra™) is a conformulation of lopinavir, an HIV protease inhibitor, and ritonavir, which inhibits LPV metabolism by cytochrome
P450 3A, providing increased plasma levels of LPV. The efficacy and safety of LPVii-based regimens are currently being studied in HiV-infected patients, both
antiretroviral-naive and Pl-experienced. After 108 weeks, in an intent-to-treat (missing=failure) analysis, HIV RNA levels were <400 copies/mL for 80% of ARV-
naive patients (on treatment: 99%) receiving LPV/r + d4T/3TC in Study M97-720 (Stryker, 2000).

Study M98-957 is an ongoing phase II, open-label, randomized trial of LPV/r in combination with efavirenz and NRTI(s) in multiple Pl-experienced/
NNRTI-naive patients.

Figure 1. M98-957 Study Design
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Viral isolates from 112 single and multiple Pl-experienced patients have been analyzed to investigate the association of protease mutations with reduced
phenotypic suscepiibilty to LPV (Kempf, 2000a). Eleven protease mutations have been identified that were associated with reduced in vitro susceptibility to LPV in
viruses selected by other Pis: LIOF, I, R, or V; K20M or R; L24l; M4l or L; F53L; 154L, T, or V; L63P; A711, L, V. or T; V82A, F, or T; 184V; LOOM. The LPV mutation
score has been defined as the number of these mutations present in an isolate. Virologic response in Study M98-957 has been shown to be associated with the
baseline LPV mutation score (Kempf, 2000b).

The average change in phenotypic susceptibility for incremental changes in the LPV mutation score was determined to be 1.74-fold per mutation (Kempf, 2000a).
However, this analysis assumes an equal contribution of each mutation to reduced phenotypic susceptibilty, which is unlikely. We therefore undertook an
exploratory analysi of the relationship between protease mutational patterns and virologic response. Although the reltively small sample size of the study limits
the power of this analysis to identity these provide insight into questions that may be addressed in larger studies (Calvez,
Poster #82).

METHODS

« Viral genotype was determined at ViroLogic by population sequencing.

« Viral phenotype was determined using a single cycle recombinant assay (PhenoSense™)

« Virologic response was defined as plasma HIV RNA <400 copies/mL (or <50 copies/mL) at Week 48, using a dropouts as censored (DAC) analysis. In the
DAC analysis, patients who discontinued the study prior to the timepoint of interest were censored if their final viral load was <400 copies/mL or were
considered non-responders if the final viral load was above 400 copies/mL.

+ The Data Analysis Plan (DAP) of the HIV Resistance Collaborative Working Group, which was created to provide a common analysis plan across studies to
facilitate comparison of results from different studies of resistance, identifies the following Pl mutations: L10F, I, R or V; K20M or R; L24l; D30N; V32I; L33F;
M361; M46I or L; 147V; GA8V; 150V; I54L or V; A71V or T; G73S or A;V771; V82A, F, S or T; 184V; N88D and L9OM.

+ For analyses involving the DAP mutations, the following PI mutations, present in the M98-957 baseline isolates and determined to be likely to be associated
with resistance to the PI class by a review of public databases of wild-type and resistant HIV sequences, were added to the DAP list of PI mutations:
154T, A711, A71L and G73T.

+ Fishers exact test was used to examine the association between virologic response and the presence of individual mutations or the LPV mutation score. A
Wilcoxon rank-sum test was used to analyze the association of virologic response with certain baseline covariates, including phenotypic susceptibility to LPV
and EFV, viral load, weight, and NRTI susceptibilty.
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The association of each individual mutation with Week 48 virologic response was analyzed using Fisher's exact test with a modified Bonferroni adjustment for
multiple comparisons (p-values below 0.015 were considered statistically significant)

Mutations at positions 54 and 82 were statistically significantly associated with Week 48 response, suggesting that they might be more important than other
mutations in the LPV mutation score, although more than half the subjects with a mutation at position 54 or 82 experienced virologic response at Week 48,
suggesting that the presence of these mutations alone was insufficient to describe resistance to LPV.

Further review of the genotypic data for patients with baseline LPV mutation score 26 revealed that all 10 non-responders had mutations at positions 10, 54,
and 82 along with at least 3 other PI mutations. This mutational pattern was highly associated with Week 48 virologic response: 28/30 (93%) patients without
this pattern were Week 48 responders, compared to 10/20 (50%) patients with this pattern (p=0.007).

However, there were as many responders as non-responders with this mutational pattern, suggesting that this pattern does not completely describe resistance
to LPV.

The mutations in the LPV mutation score demonstrated by the 20 patients with mutations at positions 82, 54, and 10 and a LPV mutation score of 6 or more are
shown in Table 1, as are the other mutations included in the modified DAP list of PI mutations.

There were no obvious differences in genotype between responders and non-responders among these 20 patients. The prevalence of Pl mutations at each
position (defined by the LPV mutation score or the DAP) was similar, as was the prevalence of DAP RT mutations.

+ Five patients who were responders in the analysis at <400 copies/mL at Week 48 had ultrasensitive assay results above 50 copies/mL. Baseline genotypes for
these 5 patients are given in Table 4.

« Four of these 5 non-responders had either L9OM or 184V at baseline, and only one of these patients also had a V82 mutation.

Table 4. of ine LPV Score and DAP Pl Mutations
(N Using itive Assay)

Week 48 LPV Number of LPVMutation Score Additional P Mutations in Modified DAP List

(HIV RNA Mutation DAPPI
>50 copies/imL) | Score Mutations 10 20 24 46 53* 54 63* 71 82 84 90 | 32 33 36 47 48 50 73 77 88
Non-response 1 1 P [

Non-response 4 5 [ P M s 1
Non-response 5 6 I [ PoT M Al
Non-response 6 6 LF v P oV oA M [N

Non-response 7 8 [ v P v v s 1

* K201, L33V, F53L, and L63P not included among DAP PI mutations. K201 not included in LPV mutation score.

D Kempf, S Brun, R Rode, and others. Identification of Clinically Relevant Phenotypic and Genotypic Breakpoints for ABT-378/r in Multiple PI-Experienced,
NNRTI-Naive Patients. 4th International Workshop on HIV Drug Resistance and Treatment Strategies, Sitges, Spain, June 2000. Abstract 89.

V Calvez, | Cohen-Codar, A G Marcelin and others. Identification of Individual Mutations in HIV Protease Associated with Virologic Response to Lopinavirritonavir
Therapy. 5th International Workshop on HIV Drug Resistance and Treatment Strategies, Scotsdale, Arizona USA, June 4-8, 2001. Abstract #82.

AMolla, S Brun, K Garren and others. Patterns of Resistance to Lopinavir in PI-Experienced Patients Following Viral Rebound During Lopinavir/ritonavir Therapy.
5th International Workshop on HIV Drug Resistance and Treatment Strategies, Scotsdale, Arizona USA, June 4-8, 2001. Abstract 064.



